An innovation in gene editing is the versatile technique, transcription activator like effector nucleases, commonly known by its abbreviation TALENs. This still developing technique is
showing its potential by being applied to develop improved livestock, and crops, such as soybeans with no trans fats (Pennisi 2016a) , and has also already been applied clinically saving the lives of two infants with leukemia (Cross 2017) .
Another gene editing technique and the main competitor to TALENs is CRISPR-Cas9.
CRISPR which stands for clustered regularly interspaced palindromic repeats, and Cas9 which stands for CRISPR associated protein 9, has generated thousands of publications, and has been described in the library literature (Butler 2016) . The number 9 is simply the designation for one member, the most useful one, of this family of proteins. To fully understand the applications, and potential advantages of TALENs compared to the more well-known CRISPR-Cas9, we need to understand the details of each of these techniques to see their strengths and weaknesses.
First, we need to start with a brief primer on genes and the genetic code, hopefully just a review for many readers. We have known for decades that DNA, the genetic material, the stuff of genes, is a long chain where each link contains one of 4 different building blocks. These building blocks, usually referred to as bases, are commonly abbreviated as A, C, G, and T. The complete DNA of an organism is known as its genome. The exact order of these bases and the direction in which they are read determines what each gene will produce. The main product of genes are proteins which are the visible stuff of organisms, and also enzymes, the proteins that are the amazingly efficient biological catalysts that build and maintain the structures of organisms, and are responsible for the chemical reactions that maintain life. Proteins consist of chains of amino acids, and each amino acid is coded by a specific three letter sequence (codon) of DNA bases.
TALENs are based on a discovery made when Xanthomonas, a well-known bacterium, pathogenic to many plant species, was being investigated (Bonas et al 1989) . This bacterium causes a plant's cells to grow abnormally large. In the early 2000's researchers determined how Xanthomonas causes this damage (Penissi 2012) . This bacterium produces proteins called transcription activator like effectors (TALEs) that bind to specific DNA sequences in the affected plant, and then adversely affect expression of the plant's gene.
Each TALE consists of a string of nearly identical small protein units, each unit containing 33 to 35 amino acids (Chandrasegaran & Carroll 2016) . The only difference in the sequence of amino acids within these units is at positions 12 and 13 which is variable. Each of these variable units recognizes and binds to one of the four bases in DNA. Most TALEs contain between 13 and 28 of these small protein units. The breakthrough in the practical application of TALEs to genetic manipulation occurred when two discoveries were made. The first is that these protein units can easily and inexpensively be synthesized (Pannisi 2012) then joined together so that synthetic TALEs can be created to recognize and target any desired sequence of DNA. The second discovery is that an enzyme that cuts DNA, known as a nuclease, can be attached to the TALE (Pannisi 2012). This combination of a synthetic TALE with its attached nuclease is a transcription activator like effector nuclease (TALEN). This targeting can be done in living cells, cultured cells, stem cells, or fertilized eggs (Chandrasegaran & Carroll 2016) .
After the nuclease cuts DNA, the cell has naturally occurring repair mechanisms which are enzymes that rejoin the broken strands of DNA. This repair mechanism is error prone, and sometimes the repair is done incorrectly and a mutation, which is a change in the DNA, results.
The most common types of mutations are the insertion of a base, deletion of a base, or substituting one base for another. Here is a simple example of an insertion mutation and its effect on a gene. Now suppose that this DNA is cut by a nuclease at the second C, and when this break is repaired a mutation occurs, an extra base, T, is inserted after the second C. Figure 2b shows this new mutated sequence. The newly introduced codon TAG does not code for any amino acid.
Instead it is a signal to stop the growth of this chain of amino acids, which means that no protein is produced. Deletion and substitution mutations can produce the same effect, inactivating the expression of a gene. While introducing this particular mutation in humans would be fatal, there are situations where inactivating a gene is advantageous. One such application where a mutant is deliberately selected after a TALEN is applied, is inactivating a gene in wheat that makes this plant susceptible to a mildew infection (Pennisi 2016a) . Another application of a TALEN is turning off two genes in soybeans to allow the beans to produce healthier cooking oil (Chang 2017 , Pennisi 2016a ). rejoin the broken strands of DNA, an additional DNA sequence corresponding to a desired gene can be added and then be incorporated into the organism's genome. A real-life application being investigated using this technique is correcting the genetic defect in sickle cell anemia (Tasan et al. 2016) . In this disease a mutation of a single base changes a codon for the normal amino acid glutamic acid to the codon for another amino acid, valine. This change adversely affects the function of hemoglobin and the health of people stricken with this disease (Nelson & Cox 2008) .
The deleterious gene can be eliminated and a corrected gene added in its place.
Similar to the discovery of TALEs in the late 1980's, in the 1990's researchers observed something strange and unexpected in the DNA of bacteria. On each side of some genes they found short sequences of DNA that did not code for any amino acids. These sequences read the same in either direction, that is, they were palindromes. These unexpected sequences were named clustered regularly interspaced palindromic repeats (CRISPR). CRISPRs aroused interest because if they were not coding for proteins, what could be their role? A closer examination of the genes between the CRISPRs showed they were DNA sequences from viruses. During a previous viral infection, the bacteria had incorporated some of the viral DNA. Yes, bacteria, not just animals, can be infected with viruses.
The CRISPR sequences that surrounded the viral DNA formed an immune system for the bacteria, so the next time this virus infected the bacteria, the bacteria would be able to defend against it. CRISPRs frame the viral DNA sequences and are a recognition site to signal Cas9 to perform its role, which as we will see below is to cut DNA.
Here is where a second class of molecules comes into play, RNAs. RNAs are a family of substances chemically related to DNA, and are part of the cellular machinery that converts the genetic code from DNA to biosynthesize proteins. A key property of both DNA and RNA is that bases on one chain pair with bases on another chain. Specifically, A is attracted to and pairs with T, and C is attracted to and pairs with G. These attractions can be between two chains of DNA, two chains of RNA, or two chains, one consisting of DNA and another of RNA. The only difference in this pairing is a slight one. In RNA the chemically similar base known as U substitutes for T.
When a virus that had previously infected the bacteria invades again, the bacteria's immune system produces two RNAs. One RNA containing a sequence based on the CRISPR sequence fits into Cas9. The second RNA which also fits into Cas9 matches the viral DNA that was stored between two CRISPR sequences. Matching means that the RNA sequence consists of bases, where each base pairs with the corresponding base on DNA, as shown in Figure 3 which is a partial sequence of a DNA RNA chain. 
Since this second RNA matches the DNA sequence of the invading virus, in addition to fitting into Cas9, it also binds to the DNA of the invading virus. The combination of Cas9 with its two RNAs bound to the invading viral DNA activates Cas9 enabling it to perform its role, which is to cut the DNA of the invading virus, inactivating it. Cas9 is a nuclease.
The breakthrough in CRISPR-Cas9 was the discovery that this system can be engineered to make it independent of having to first recognize either CRISPR or viral DNA sequences.
Researchers were able to synthesize guide RNAs. These RNAs while still being able to fit into Cas9 could also contain any additional desired RNA, specifically sequences that match the DNA sequences of genes that they wanted to target and modify. Like TALENs, this targeting can be done in living cells, cultured cells, stem cells, or fertilized eggs (Chandrasegaran & Carroll 2016) .
Similar to when the TALEN nuclease cuts DNA, when Cas9 cuts DNA, the cell's naturally occurring repair mechanisms rejoin the broken strands of DNA. Just like in TALENs, this repair mechanism is error prone, and sometimes the repair is done incorrectly and a mutation results.
Also, as with TALENs, an additional DNA sequence corresponding to a desired gene can be added and then be incorporated into the organism's genome.
Another gene editing technique, an older one known as zinc fingers, is used less often because it is difficult to design. It is also more expensive because a single company controls almost all of the intellectual property rights (Pennisi 2012) .
A major challenge in applying TALENs is that while TALENs are designed to target a specific and desired DNA sequence, other places on the genome may have a similar DNA sequence, causing the TALEN to also bind at this additional location. This off-target binding may produce undesired and unpredictable consequences when the TALEN's nuclease cuts DNA at this unintended location (Chandrasegaran & Carroll 2016) . This imprecision may have evolved because of the ongoing evolutionary battle between the invading Xanthomonas, where its TALE attaches to the plants genome causing disease, and the plants' response to this invasion.
A plant may respond to this invasion by evolving, changing its DNA sequence at the site targeted by the TALE. A Xanthomonas containing a TALE with the ability to bind to this new and nonexact sequence will have an evolutionary advantage (Chandrasegaran & Carroll 2016) .
A similar phenomenon also takes place in CRISPR-Cas9 where the synthesized guide RNA may bind to an unintended sequence allowing Cas9 to cut the genome at this off-target location.
This imprecision evolved to give a protective advantage to the host bacteria. Viruses evolve rapidly and the ability of the bacteria's CRISPR-Cas9 to recognize a new and slightly different viral sequence will enable the bacteria to survive the viral attack.
So, the issue facing researchers is which technique, TALENs or CRISPR-Cas9, can better Considering all the scientific, technical, agricultural, regulatory, medical, business, commercial, socioeconomic, public perception and acceptance aspects of TALENs, many different types of information resources need to be made available to patrons, depending on their specific needs. We mediators need to be aware of and prepared to search multiple and diverse sources of information.
Methods and results
The appropriate database search strategy for TALENs is:
"transcription activator like effector nuclease*" OR talen OR talens
The literature sometimes describes TALENs as "transcription activator-like effector nuclease*". But searching this phrase should not be necessary because hyphens are read as spaces in databases. This phrase is truncated to include the singular and plural using the wild card symbol appropriate for the database or database family being searched. The abbreviated terms talen and talens are included because even a quick perusal of the literature shows that in the database records for many articles, only the abbreviation is present. Note that talen must not be truncated. Doing so will retrieve many articles containing the word talent. Searching the terms talen and talens will be precise only in databases that search titles, abstracts, and indexing terms in their default fields. If the default search field also includes authors, many false drops will be recovered because Talen and Talens are author surnames. These author name false drops can be eliminated by adding:
NOT (talen[author] OR talens[author])
to your search. But this strategy is not advisable because it will exclude relevant articles on TALENs where by coincidence an author has the name Talen or Talens.
The size and rapid growth of the TALENs literature is illustrated in Table 1 . This data does not include all the publications on TALENs, only those from journals that meet the strict criteria for inclusion in this database (Testa 2016) . Nonetheless, this figure clearly indicates the trend of how this field is progressing. Even though TALENs were first reported in the literature in 2010 (Christian et al. 2010 ), a few articles mentioning TALENs are retrieved in earlier years, because some authors in totally unrelated fields used TALEN as an abbreviation for a chemical substance with a long name. Keeping in mind that in STN multi-file searches you can list the databases in any order, it makes economic sense to print or display as many citations as possible from the database that has the least expensive cost. The first database searched here is MEDLINE which costs only 41 cents to display each citation with its abstract. This display cost rises in each succeeding database to $19.45 for a single record with its abstract in Science Citation Index.
In this search the databases were searched from the least expensive to the most expensive based on their per record display cost. But when choosing the database order, the searcher needs to consider other costs such as connect hour costs, and search term costs and hourly cost options Newspapers are also an abundant source of articles on TALENs. Searching the full name for
TALENs yields a manageable number of newspaper reference in the Lexis-Nexis database. But the search terms talen or talens yields hundreds with many false drops. Adding a subject specific search term will eliminate nearly all of the false drops.
Regarding the important area of patents, nearly all patent searches need to be a combination of text terms along with appropriate classification codes (Simmons & Kaback 1996) . To show the challenge of finding correct classification codes for TALENs, a search performed in Classification (Espacenet 2017) , the current official classification system in the world's major countries, for both the abbreviated and full names for TALENs retrieved several codes, but none specifically mention TALENs. Apparently TALENs is cross referenced to these codes.
Consequently it is difficult for non-experts to know which of these terms need to be included in a search. Furthermore, several different and intricate patent databases must be searched to insure that all patents in any area are retrieved (Simmons & Kaback 1996) . So, while any experienced searcher can readily retrieve nearly all relevant articles in bibliographic databases, given the challenge of finding the correct classification terms and the intricacies of the patent databases, we must heed the still pertinent caveat of Nancy Lambert, among many others, who advise that in many situations it is best to turn to patent searching experts (Shrode 1997 This small number of books is not a disadvantage to researchers in this field. Rather it confirms that most researchers in both established and developing fields in the biological and chemical sciences rely on scientific journals as their primary source of knowledge. In journal articles published in both the established field of structural biology and in the then developing field of combinatorial chemistry fewer than 6% of the cited references were to books (Lascar & Mendelsohn 2001; Barnett 2002) .
Conclusion
Because of ongoing uncertainties about public and regulatory acceptance of TALENs, researchers need to be aware of all issues related to genetic engineering. In addition their literature needs will go well beyond just the scientific and technical sources, and should also include vital and relevant information about other genetic engineering aspects of TALENs.
Librarians and information professionals need to take advantage of these many varied and diverse resources on TALENs to adequately, efficiently, and best serve their patrons.
